For assessing simultaneous visual processing in dyslexic and normal readers a multi-element processing task was used which required the report of a single digit of briefly presented multi-digit arrays. Dyslexic readers exhibited higher recognition thresholds on 4-and 6-digit, but not on 2-digit arrays. Individual recognition thresholds on the multi-digit arrays were associated with number of eye movements during reading. The dyslexic multi-element processing deficit was not accompanied by deficient coherent motion detection or deficient visual precedence detection and was independent from deficits in phonological awareness and rapid naming. However, only about half of the dyslexic readers exhibited a multi-element processing deficit.
Introduction
Developmental dyslexia is a learning disorder which hampers the development of age-appropriate reading despite conventional instruction, adequate intelligence and the absence of gross neurological pathology. It is assumed to be genetically mediated and affects between 5% and 10% of the population (Shaywitz, 1998) . The dominant cognitive explanation links the difficulties in learning to read to preceding difficulties in language acquisition and specifically to a phonological deficit (e.g., Vellutino, Fletcher, Snowling, & Scanlon, 2004) . The standard version of this explanation postulates deficient awareness for the phonemic segments of spoken words which limits the mapping of letters onto phonemes and, thereby, hinders the self-reliant decoding of new words and the efficient storage of the letter patterns of frequently encountered words. However, recently visual and visual-attentional deficits of dyslexic children were put forward as alternative explanation Stein & Walsh, 1997) . These alternative accounts are of particular interest for explaining reading difficulties in regular orthographies such as Italian or German, where the mapping of letters onto phonemes is easier than in English, and where the acquisition of decoding is less of a hurdle. In such orthographies the problem of dyslexic readers does not become manifest as a sheer inability to read a new word or as gross misreadings, but as very slow, effortful, non-automatic reading (e.g., Landerl, Wimmer, & Frith, 1997; Wimmer, 1993) . A recent demonstration of this reading problem was provided by Ziegler, Perry, Ma-Wyatt, Ladner, and Schulte-Kö rne (2003) who found for dyslexic German children (11-year-olds) a reading onset latency increase of more than 300 ms per additional letter for both short words and pseudowords (3-6 letters long), whereas the reading time of normal readers increased only 30-50 ms per additional letter. Ziegler et al. (2003) interpreted this finding as a limitation to serial grapheme-phoneme conversion. The most direct demonstration of the serial reading strategy of developmental dyslexic children in regular orthographies comes from a series of eye movement studies of an Italian research group (De Luca, Borelli, Judica, Spinelli, & Zoccolotti, 2002; Zoccolotti et al., 1999) . These studies documented for dyslexic children a substantially higher number of fixations during reading compared to normal readers. The high number of fixations is primarily caused by short eye movements in the reading direction since the proportion of regressions made by the dyslexic readers was low. A similar pattern was found for German dyslexic children (Hutzler & Wimmer, 2004) .
These reading difficulties of dyslexic children in consistent orthographies resemble the difficulties shown by cases of an acquired disorder known as letter-by-letter reading (e.g., Behrmann, Shomstein, Black, & Barton, 2001) . After brain insult, formerly normal readers lose their ability to process words as a whole and are forced to rely on a slow and laborious serial letter-by-letter decoding strategy during reading. This reading strategy leads to a massive word length effect on reading time and is dominantly interpreted as reflecting a general difficulty to perceive multiple visual forms simultaneously (Farah & Wallace, 1991) . The demonstration of the difficulty with the simultaneous perception of multiple visual forms in letter-by-letter readers typically relied on variants of the partial report method of Averbach and Sperling (1968) which requires reporting only a single element of briefly represented multi-element arrays in response to a post-stimulus cue. In a study with letter-byletter readers, Kinsbourne and Warrington (1962) showed that the tachistoscopic recognition thresholds were normal when a single form had to be identified, but dramatically impaired when identification of more than one form was required. This result was also found for non-nameable visual forms (Friedman & Alexander, 1984) . This and several other findings led to the conclusion that the locus of impairment in cases of letter-byletter readers is in the early stages of visual processing (for review see Farah & Wallace, 1991) .
In the field of developmental dyslexia, this visual interpretation has received little attention. An early study by Morrison, Giordani, and Nagy (1977) presented eight elements-letters, geometric and abstract forms-in a circular array for 150 ms and cued the position of the to-be-reported element at varying time intervals (0-2000 ms). A dyslexic deficit was found, but only when the cue was delayed for about 750 ms and not when the cue was presented after 300 ms or less. This evidence for unimpaired multi-element processing when the cue followed shortly after array presentation can be questioned since no mask was used. A systematic study by Enns, Bryson, and Roes (1995) avoided this interpretational problem, but nevertheless arrived at a similar conclusion. In this study the stimulus arrays-strings of 1-5 letters in length-were masked after being presented for 150 ms. When the cue-a probe letter-was presented simultaneously with the array and participants had to indicate whether the probe was present in the array (identification task), disabled readers (15-year-olds) did not differ from age controls. However, when participants had to indicate the position of the probe letter (location task) then the dyslexic readers showed impaired performance for the longer 4-and 5-letter stimuli. This finding is relevant, as in reading both the identities and the position of the letters of a word are of crucial importance. Recently, a deficit of dyslexic readers with position encoding was shown by Pammer, Lavis, Hansen, and Cornelissen (2004) .
The present study
The studies by Morrison et al. (1977) and Enns et al. (1995) were done with English dyslexic readers. We reasoned that a visual deficit with multi-element processing may become more readily apparent for German dyslexic readers who-different from their English counterparts-are diagnosed via slow reading speed and not by a high error rate. We attempted to provide direct evidence for a serial reading strategy of our dyslexic participants by examining their eye movements during word and pseudoword reading. The main question was, whether slow serial reading is associated with a general visual perceptual deficit for multi-element arrays. Multi-element processing was measured in a stringent and sensitive manner. In correspondence with the original partial report method (Averbach & Sperling, 1968) , one position of multi-element arrays was cued for report, so that correct performance depends on both identity and position encoding. The cue was presented immediately after array presentation to avoid memory problems. However, masking of the stimulus prevented that correct performance could be based on processing the after-image of the stimulus. We chose digits instead of letters as elements of the arrays as one could reason that dyslexic readers are less frequently exposed to letter string processing than normal readers. The main new feature of the present task is that, instead of a fixed presentation time, an adaptive staircase procedure was applied to determine individual presentation time thresholds for reliable performance. Thresholds were estimated for arrays of varying lengths (2-, 4-, and 6-digit arrays). If dyslexic readers suffer from deficient multielement processing then-corresponding to the findings with letter-by-letter readers-the increased number of elements should have a stronger effect on presentation time thresholds for dyslexic readers than controls.
Although the focus of the present study is on multielement processing, we also report the findings of a visual precedence detection task, which presented two horizontally arranged bars (one to the left and one to the right of a centered fixation cross) one after the other with varying inter-stimulus intervals (ISIs). Participants had to detect which bar preceded. Again a threshold was applied to estimate the critical ISI independently for the right and left visual hemifield. The task serves as a control for a dyslexic deficit in the rapid employment of visual attention. Such a deficit was proposed by and was interpreted as resulting from a dysfunction of the right parietal lobe. The behavioral symptom of the deficit would be a left mini-neglect, that is, a disadvantage of visual stimuli in the left visual hemifield. In our version of the precedence detection task, this would result in higher thresholds for detecting the precedence of stimuli presented to the left side of the fixation cross. One could speculate that a problem with visual spatial attention would affect performance on the multi-element processing task.
Furthermore, since our participants were recruited from a longitudinal study, we were able to explore how a potential deficit in multi-element processing of dyslexic readers is related to results of preceding assessments which included phonological awareness measures, rapid naming and coherent motion detection. The results of the preceding assessments for the present participants were reported in Kronbichler, Hutzler, and Wimmer (2002) . As already noted, a deficit in phonological awareness is postulated by the phonological deficit explanation of dyslexia (e.g., Vellutino et al., 2004) and a recent extension of the phonological explanation postulated an additional deficit in rapid naming (Wolf & Bowers, 1999) . The coherent motion detection task serves as an assessment of a potential dyslexic deficit in the sensitivity of the magnocellular visual pathway which was proposed as an alternative account of the causation of developmental dyslexia (e.g., Stein & Walsh, 1997) .
Material and methods

Subjects
The dyslexic readers and controls (15 in each group) of the present study were recruited from a longitudinal study with altogether 530 boys who were first tested at the age of six, shortly after they started school (Wimmer, Mayringer, & Landerl, 2000) . At the time of the present study they were in Grade 9. All participants were native German-speakers with normal or corrected to normal vision. Participants and their parents gave written informed consent.
The selection of the present participants is based on an assessment in Grade 7, two years before the present one by Kronbichler et al. (2002) . At that time, for being included in the dyslexic group, participants had to score below percentile 10 on both a standardized reading speed test (Auer, Gruber, Mayringer, & Wimmer, in press ) and on a standardized but unpublished spelling test developed in our laboratory. The control group consists of boys who had reading and spelling scores above percentile 20. The reading speed test required the participants to mark sentences of simple content as correct or incorrect and the measure was the number of correctly marked sentences within a time limit of 3 min. The spelling test required the participants to write 29 complex words to dictation. Exclusion criteria were left-handedness and low non-verbal intelligence (<85). The non-verbal IQ was assessed at the end of Grade 1 and is based on three scales (spatial sequences, spatial integration, and spatial concepts) of the Primary Test of Cognitive Skills (Huttenlocher & Cohen-Levine, 1990) . Table 1 gives the means and standard deviation of the dyslexic and control readers on the descriptive and defining measures and the t-values for the group comparisons. As evident from Table 1 , the means of the dyslexic group for number of correctly judged sentences and for percentage of correct spellings were much lower than those of the controls, and both measures correspond to the fifth percentile compared to the norm sample which consisted of 200 students of the same grade. The means of the controls correspond to percentiles around 60. The low dyslexic performance on the sentence reading test is due to slow reading as the mean of wrong judgements of the dyslexic group was only 0.5 sentences.
To further characterize the reading rate deficit of the dyslexic group, Table 1 also gives current reading rate measures for lists of words and pseudowords (items read per minute). These measures were derived from the reading aloud tasks used for the eye movement recording (see below). The means show that the reading rate of the dyslexic readers for both word and pseudoword reading was only about half the rate of the controls. The error rates were low even for the dyslexic readers with 4% and 8% for word and pseudoword reading, respectively. It is also evident from Table 1 dyslexic participants did not differ in non-verbal IQ, but were slightly older than the controls.
Eye movement recording
Eye movements were recorded during a word and a pseudoword reading task. The reading material was presented on a 17 in. CRT-Computer monitor, interfaced with a Windows PC. An additional Windows PC was connected with an infrared video-based EYELINK eyetracker manufactured by SR Research (Canada). A sampling rate of 250 Hz was used. Calibration was conducted prior to the reading tasks and required the participants to track the position of a dot which was presented at nine different locations on the computer screen. For eye movement recording we used the eye for which calibration was more accurate. After calibration, lists of words and pseudowords (three screens each) were presented after a short instruction trial for both the word and pseudoword lists, respectively. Participants were instructed to read each screen aloud as quickly and accurately as possible. A screen consisted of six or seven lines with six items per line. The words were all bisyllabic and varied in length between 5 and 7 letters. The pseudowords were created by interchanging the syllables of the words from the word lists (e.g., the pseudoword Parbiet was created from the words Partei and Gebiet). For determining the number of saccades per screen, the first and the last item of each line were disregarded to exclude effects of the line sweep. This left 80 word and pseudoword items for analysis. The algorithm implemented in the system defines saccades via velocity and acceleration of eye movements and detects saccades from 0.30 degrees of visual angle upwards. Only horizontal saccades were used of analysis. From a viewing distance of 75 cm, a single letter of the reading material extended horizontally approximately over 0.35°, thus, the longest 7-letter words had a width of approximately 2.45°. Additionally to the eye movement recording, reading rate measures for words and pseudowords were derived from the time measurements for each screen and are expressed in items read per minute. Furthermore, reading errors were noted by the experimenter.
Multi-element processing
Participants sat at 75 cm distance in front of the same monitor (refresh rate: 100 Hz) as used for the eye movement recording. The experiment was driven by the PresentationÒ software Version 0.71 of Neurobehavioral Systems. The software locks stimulus presentation to the refresh rate of the computer screen. The setup of the task is schematically shown in Fig. 1 .
The digit arrays varied in length and consisted of 2, 4 and 6 elements (height: 1.2°, width: 1.2°, 2.3°, and 3.5°, respectively). The items of the same length were presented block-wise, with the 2-digit arrays first and the 6-digit arrays last, because in a pilot study with this task, participants found it easier to start with the shorter arrays. During presentation of the items, the digit positions were continuously displayed on the screen as small grey boxes above which the digits appeared. Stimulus presentation was preceded by a blue fixation cross and a 4000 Hz warning tone. Digits between 0 and 9 were used and the sequence within an item was randomized, but the same digit could not appear in adjacent positions. Immediately after stimulus offset, the string was masked. Simultaneously with the mask, one position was cued by changing the color of the position box from grey to green. Participants had to respond by naming the cued digit. The response was typed into the keyboard and an auditory feedback was generated. Participants were prompted to guess when uncertain.
Presentation time thresholds were estimated by a simple 1-up/1-down staircase procedure. The first array of each length level was presented for 200 ms. For the first five trials, the presentation time was decreased by 30 ms after a correct and increased by only 10 ms after an incorrect response. This rule for the initial items has the effect that presentation time relevant for threshold estimation was quickly reached. Thereafter, the response-dependent shortening and prolongation of stimulus presentation time was 10 ms. The threshold for a string length condition was defined as the arithmetic mean of the last 8 from a total of 12 reversals. Since the probability of guessing the digit at the cued position is low (about 1 out of 10), the threshold corresponds to the mean presentation time at which the digits of a certain string length are reliably identified.
Precedence detection
The precedence detection task was modeled after Robertson, Mattingley, Rorden, and Driver (1998) and presented two white bars on a dark background symmetrically to the left and the right side of a centered fixation cross. One of the bars preceded the other at varying ISIs, and the participant had to indicate which bar appeared first by a button press on a Microsoft Sidewinder Game-pad with the corresponding index finger. Again, the ISIs were adaptively adjusted by a simple 1-up/1-down staircase procedure which was terminated after the 10th reversal and the arithmetic mean of the final eight reversals was taken as the threshold. For assessing differences in the sensitivity of the visual hemifields two independent thresholds were estimated for left and right precedence detection, respectively. In contrast to the threshold of the multi-element processing task, the threshold for this two-alternative forced-choice task indicates the mean presentation time at which performance is at chance level.
Previous assessments
For the assessment of a magnocellular deficit-carried out two years before the present one by Kronbichler et al. (2002) -the coherent motion detection task of Hansen, Stein, Orde, Winter, and Talcott (2001) was used. The task presented two panels of dot kinematograms on a computer screen which contained randomly arranged white dots on a dark background. A certain proportion of the dots of one panel moved coherently in the same direction, whereas the dots of the other panel moved randomly. Participants had to point to the panel with the coherently moving dots. The proportion of coherently moving dots was varied and a 1-up/1-down staircase procedure was used for determining the proportion at which performance was at chance level. The threshold was defined as the geometric mean of the last 8 of a total of 10 reversals. Two trials were conducted and the arithmetic mean of the two thresholds was used as measure. See Kronbichler et al. (2002) for detailed description.
The verbal-phonological assessment at school entrance included the following tasks: A pseudoword repetition task (15 items) required immediate repetition of orally presented pseudowords, which all consisted of three confusable syllables (e.g. /liruli/). The rhyme detection task (15 items) required matching a given word with the rhyming one of two alternative words which differed by one phoneme only (e.g. ''What rhymes with cat: fit or fat?''). In the pluralization task (15 items) children had to say the irregular plural form of a singular noun (e.g. Experimenter: ''One mouse.''-Child: ''Two mice.''). The rapid naming task, modelled after Denckla and Rudel (1976) , consisted of two trials which required rapid naming of sequences of five different object pictures, each presented four times in random order. Naming speed is expressed in syllables per minute. For a more detailed description of the tasks see Wimmer et al. (2000) .
Results
Means and standard deviations for all measures are shown in Table 2 . In addition, the magnitude of the group difference is given as z-score measure, which is computed by dividing the difference between the group means by the standard deviation of the control group. A negative z indicates lower performance of the dyslexic group with a z of À1.0 implying that the mean dyslexic performance is 1 SD worse than the control mean. The final column presents the results of the t-test group comparisons.
The first section of Table 2 shows that-as expected-dyslexic readers exhibited more eye movements per item than controls. Group differences of similar size were found for word and pseudoword reading. Whereas the controls exhibited only slightly more than a single eye movement per item, the dyslexic readers exhibited more than two. The large majority of the saccades of both groups were rightward moving as evident from the low percentages of regressions. The percentage of regressive saccades was significantly higher for dyslexic than normal readers, but still rather small. The group difference in the number of eye movements remained large and reliable, when regressive saccades were excluded, t(28) = 4.69, p < .001 and t(28) = 4.09, p < .001 for words and pseudowords, respectively.
Of main importance are the group differences in the multi-element processing task shown in the second section of Table 2 . Individual scores of the participants and the group means are presented in Fig. 2 . Obviously, there was no group difference for the 2-digit arrays, but as expected, the increase in presentation time threshold with increasing number of elements was larger for dyslexics than controls. To illustrate, for dyslexics the threshold for the 4-digit arrays was about four times the threshold for the 2-digit arrays, whereas for controls it was only doubled. This differential effect of array length for the two groups was reliable, F(2, 56) = 4.71, p < .05, as were the main effects of group and length, F(1, 28) = 8.97, p < .01 and F(2,56) = 128.57, p < .001, respectively. As shown by the t-values, the dyslexic deficit was limited to the 4-and 6-digit arrays. However, as evident from the individual scores in Fig. 2 , there was a substantial overlap between the groups. To estimate the number of dyslexic readers with substantially impaired multi-element processing, we averaged the scores for the 4-and 6-digit arrays. Impaired performance was defined as thresholds 1 SD above the control mean. Nine of the 15 dyslexic participants scored above this cut-off.
In contrast to the lower performance on the longer arrays of the multi-element processing task, the dyslexic group did not differ reliably from controls on the precedence detection task. The thresholds of dyslexic readers for precedence detection in the left and the right visual field were similar. There also was no dyslexic deficit on the coherent motion detection task where both groups performed equally. In contrast to the failure to find group differences in the visual precedence and coherent motion detection tasks, the bottom section of Table 2 shows that dyslexic readers exhibited substantially lower performance on all phonological tasks and on the rapid naming task administered at school entrance. Table 3 shows the intercorrelations between the main measures. For reading we used the number of eye movements as this measure could be seen as being directly affected by impaired multi-element processing. As expected, the association between number of eye movements and reading rate (each measure combined for words and pseudowords) was tight, r = .89, p < .01, that is, a lower reading rate was highly related to a higher number of eye movements during reading. As the multi-element impairment of the dyslexic readers was limited to 4-digit and 6-digit arrays, averaged thresholds for these array-lengths were used. Also, averaged thresholds were computed for left and right precedence detection.
An important finding is the substantial correlation between number of eye movements and multi-element processing, that is, more eye movements were associated with higher thresholds for the multi-element arrays. In contrast, precedence detection and coherent motion detection were unrelated to both number of eye movements and to multi-element perception threshold. Number of eye movements was also related to rapid naming and pseudoword repetition and, additionally, rapid naming was associated with multi-element processing.
This pattern of correlational results led to two further analyses. An ANCOVA examined whether the dyslexic deficit in multi-element processing (averaged threshold of the 4-, and 6-digit arrays) would still be found when the deficits in pseudoword repetition and rapid naming were controlled for. This was indeed the case as the group difference in multi-element processing remained reliable, F(1, 27) = 4.93, p < .05, and the size of group difference was hardly affected. The original averaged threshold means were 75.6 ms and 117.4 ms for control and dyslexic participants, respectively. Inclusion of the covariates led to adjusted means of 79.21 ms and 113.79 ms, respectively. A further question was whether multi-element processing contributes to differences in the number of eye movements independently from pseudoword repetition and rapid naming. Therefore, we computed two hierarchical regression analyses. In both analyses, pseudoword repetition was entered in the first step and accounted for 18% of variance, F(1, 28) = 5.94, p < .05. In the first model, the order of the further predictors, which were entered in the second and third step, was rapid naming and multi-element processing, respectively. Rapid naming accounted for additional 15% of variance, F(1, 27) = 6.30, p < .05, and multi-element processing accounted for further 16% of variance, F(1, 26) = 8.33, p < .05. In the second model, the order of entering rapid naming and multi-element processing was reversed. Therein, multi-element processing added 17% of explained variance, F(1, 27) = 13.44, p < .01, whereas rapid naming did not explain a significant additional amount of variance, F(1, 26) = 2.26, p = .15. In summary, these analyses show that multi-element processing differences contributed to number of eye movements independently from pseudoword repetition and rapid naming and, in relation to rapid naming, multi-element processing turned out to be the more potent predictor.
Discussion
The present German dyslexic readers exhibited the reading difficulties which were characterized as typical for dyslexic reading in regular orthographies, that is, they committed few errors, but suffered from a reading rate which was only about half the rate of the normal readers. This was the case for reading aloud lists of words and pseudowords, but also for silent reading of sentences for meaning. Of main importance is that the reading rate differences were highly associated with the number of eye movements during reading. The frequent eye movements of the dyslexic readers are indicative of reliance on a serial grapheme-phoneme conversion during word recognition.
The guiding question of the present study was, whether the serial reading strategy of dyslexic readers-similar to that of letter-by-letter readers-is due to a deficit in processing multiple visual forms. The pattern of findings provides some support for this possibility. Unlike Morrison et al. (1977) and Enns et al. (1995) , we found a dyslexic deficit in multi-element processing. This deficit was specific in the sense that it was only present for 4-and 6-digit arrays, but not for 2-digit arrays. The finding of unimpaired performance of the dyslexic participants on the 2-digit arrays speaks against the possibility that the multi-element processing deficit of dyslexic readers is caused by deficits in feature detection or single letter recognition which are considered as the first stages of visual word recognition (Whitney, 2001) . Of main importance is that multi-element processing was substantially related to differences in the number of eye movements during reading. Furthermore, differences in multi-element processing contributed to differences in the number of eye movements independently from the phonological measures and from rapid naming which were also found to be associated with number of eye movements. This finding suggests that multi-element processing affects reading performance independently from verbal phonological factors.
The finding that the dyslexic deficit with the multi-digit arrays was not accompanied by a deficit in visual precedence detection rules out the possibility that the poor performance of the dyslexic readers for multi-element arrays is due to a visual attentional problem. Specifically, dyslexic readers exhibited no deficit, when the left bar preceded the right one which speaks against a right parietal lobe dysfunction which, according to Hari, Renvall, and Tanskanen (2001) , would be apparent in a left mini-neglect which, in turn, would hinder fluent reading. It is of further interest that the present dyslexic readers on a previous assessment (Kronbichler et al., 2002) showed no deficit for coherent motion detection which serves as an assessment of the visual magnocellular system (Hansen et al., 2001) . A specific role of the magnocellular system for encoding the positions of letters was suggested by Cornelissen et al. (1998) . Our finding that dyslexic readers showed impaired multi-element processing without a magnocellular deficit corresponds to the pattern of findings reported by Amitay, BenYehudah, Banai, and Ahissar (2002) . These authors found that in a substantial number of dyslexic readers a deficit on a variety of visual perceptual tasks was not accompanied by a deficit in tasks which selectively tap magnocellular processing.
We note that a purely visual interpretation of the multi-element processing deficit of the dyslexic readers can be criticized from a verbal deficit perspective. One could reason that the locus of the difficulty may not reside in the visual recognition of multiple objects, but in the access and short-term maintenance of the names of these multiple objects. Such an interpretation has plausibility, but it is hard to reconcile with the well supported position that the partial report method, different from the whole report method, measures primarily early stages of visual processing (Averbach & Sperling, 1968) . It also does not fit with the finding that letter-by-letter readers exhibit the multi-element processing deficit not only for nameable objects, but also for abstract (non-nameable) visual forms (e.g., Friedman & Alexander, 1984) . Corresponding with the latter finding, Pammer et al. (2004) found a deficit of developmental dyslexic children (10-year olds) in processing arrays of multiple geometric forms which were not nameable.
The association between multi-element processing and number of eye movements during reading is consistent with the idea that an impaired ability to process multiple visual forms simultaneously is responsible for the serial reading strategy of our dyslexic participants. However, this interpretation can be questioned as multi-element processing and eye movement control during reading was assessed at the same time. One could argue that the higher reading experience of normal compared to dyslexic readers is carried over to the multiple-element processing task. Although we tried to avoid this problem by using digits instead of letters, this interpretation cannot be ruled out entirely. Longitudinal studies, which assess multi-element processing with preschool children, would be needed to avoid this interpretational problem.
Even if the frequent eye movements and the resulting low reading rate of our dyslexic readers were due to a deficit in multi-element processing, it has to be noted that only about half of the dyslexic sample showed substantially impaired multi-element processing. This speaks against the possibility that deficient multi-element processing is the only impairment which in dyslexic readers may lead to slow serial reading. The regression analyses showed that early differences in pseudoword repetition and rapid naming independently from multi-element processing were associated with number of eye movement during reading. This finding is in correspondence with expectations from the phonological deficit explanation of dyslexia and with the recent extension of this account by Wolf and Bowers (1999) .
A similar conclusion follows from Bosse and Valdois (2003) who differentiated between French dyslexic children who exhibited deficient multi-element processing and a further subgroup which exhibited phonological deficits. These authors interpreted their findings in relation to the multi-trace memory model of polysyllabic word reading of Ans, Carbonnel, and Valdois (1998) which distinguishes between a global reading mode, where all letters of a word are attended to, and an analytic reading mode which relies on smaller units (i.e., typically a syllable) during reading. In this perspective, deficient multi-element processing would affect reading in the global mode, whereas deficient phonological processing is related to the analytic reading mode.
